It has been recognized that multinational corporations can spill over to non-affiliated firms in host economies. Existing studies of foreign direct investment (FDI) and productivity growth often assume firms are perfectly efficient. Our paper relaxes this assumption and explores how FDI affects a firm's technical efficiency improvement as well as its technical progress in a stochastic frontier model. The stochastic frontier model estimates a firm's production frontier given a set of production inputs.
Introduction
Foreign direct investment (FDI) is typically taken as a vehicle transferring both tangible and intangible assets such as better product designs or management skills. The superior technology owned by multinational corporations (MNCs), which is not generally available in the host country, can spill over to non-affiliated firms and create a beneficial impact on productivity in the host country. As a result, many countries consider FDI an integral part of their development strategy and try to attract such investments by offering preferential policies to MNCs including tax breaks or subsidies. Not surprisingly, studies on FDI spillovers received tremendous attention from both academic researchers and policy makers. Since the pioneering paper of Caves (1974) , there has been a large body of research exploring FDI spillovers and firm productivity in host countries (for example, Aitken In this paper, we examine FDI productivity spillovers in the host country using a stochastic frontier model. Our study contributes to the literature in two respects. First, we identify the contribution of technical efficiency improvement and technical progress to productivity growth. Generally speaking, productivity growth includes two components: technical progress and technical efficiency improvement. Technical progress refers to an outward shift of the current production frontier, often caused by advances in technology. Technical efficiency improvement refers to a movement from current output level toward the production frontier. Earlier studies on FDI spillovers with industry-or firm-level data typically construct an estimate of total factor productivity (TFP), based on the Solow residual parametric or semi-parametric approaches developed by Olley and Pakes (1996) and Levinsohn and Petrin (2003) . Then the impact of FDI on TFP or TFP growth is evaluated. These studies have greatly advanced our understanding of FDI spillovers. However, there are a few potential caveats with them. The first is that they do not distinguish between technical progress and technical efficiency improvement. In other words, all firms are assumed to be perfectly efficient and operate on their production frontier. Practically, firms are not always exhibiting full efficiency and there are likely (large) differences in technical efficiency across firms. In addition, given this full efficiency assumption, the productivity externalities of FDI (if any) captured in earlier studies are purely regarded as technical progress, that is, an outward shift of the current production frontier.
In our paper, we use a stochastic frontier (SF) model to explore the extent to which foreign ownership of a firm and foreign presence at the industry level affect the firm's productivity and efficiency. The novelties of the SF methodology are that it relaxes the strict assumption that all firms are fully efficient, identifies which firms are inefficient and to what extent they are inefficient, and estimates sources of technical inefficiency. Consequently, we are able to calculate separately efficiency improvement, technical progress, as well as scale efficiency change, which present a more detailed picture of productivity growth. Further, in Dunning's OLI framework (Dunning 1977) , the ownership advantages of MNCs refer to advantages MNCs have from all intangible assets including both better technology (e.g. existing patents) and better management and marketing skills. Different MNCs intangible assets may have different effects on firm productivity in the host country. The SF approach helps to illustrate the productivity externalities of FDI in the host country from diffusion of newer and better technology (which leads to technical progress) and from transfer of knowledge related to better managerial and organizational practices (which improves efficiency). In contrast, the latter cannot be identified by using the traditional approach of regressing the Solow residual TFP estimate on various factors when all firms are assumed to be fully efficient.
Second, we add to the small literature on FDI presence and firm-level efficiency gains and evaluate the effect of both intra-and inter-industry FDI spillovers. Intra-industry FDI (also referred to as horizontal FDI) is FDI received in a firm's own industry while inter-industry FDI (vertical FDI) is FDI received in a firm's upstream or downstream industries. Existing research adopting the stochastic frontier approach with firmlevel data primarily focuses on the association between foreign ownership of a firm and the firm's technical efficiency (Oczkowski and With data on manufacturing firms in Indonesia over 1988-2000, the authors find evidence supporting significant vertical FDI spillovers. Because potential vertical linkages have been recognized as important channels for FDI spillovers (compounded below), we consider foreign presence in a firm's own industry as well as in its upstream and downstream industries in our paper.
We employ comprehensive data from over 12,000 Chinese manufacturing firms in 30 two-digit industries over 2002-2004 published by the World Bank. Our results show that intra-industry FDI has a negative effect on an individual firm's technical efficiency. But there does exist a complementarity between a firm's R&D expenditure and intra-industry FDI. Not all firms can benefit from horizontal FDI. Yet, positive effects of horizontal FDI on technical efficiency are closely related to a firm's capacity to absorb new technology and knowledge. We also find the presence of foreign end-users tends to improve efficiency of domestic suppliers possibly due to the fact that MNCs can help their suppliers in the host country to build production facilities and provide technical support to raise the quality of suppliers' products. On the other hand, our results show that foreign presence in upstream industries could have an adverse effect on the level of technical efficiency of firms as end-users.
In terms of the level of technical efficiency, foreign firms are on average more efficient than domestic firms in China. Foreign firms in our sample obtain an average efficiency score of 0.56 (a maximum value of one means full efficiency), while domestic firms obtain an average efficiency score of 0.42. A generalized Malmquist index shows that both foreign and domestic firms in China have a similar rate of technical progress at 6.4% while foreign firms on average experience a faster improvement in technical efficiency than domestic firms (4.1% vs. 3.5%).
Conceptual Framework: FDI Intra-and Inter-industry Linkages
Intra-Industry FDI Conceptually, there are three main channels through which FDI can affect host country local firms in the same industry: demonstration, training of employees, and market competition. First, there may exist the "demonstration effect" when non-affiliated firms learn from multinationals and imitate their product designs, processes, and organizational innovations (Javorcik 2008) . Such learning or imitation can help non-affiliated firms to upgrade their technology, and also improve their productivity. Second, the productivity enhancing effect of FDI can occur through labor turnover. The knowledge and skills provided by training programs of MNCs can benefit local firms. For instance, workers trained by multinationals may later take employment in other firms, carrying the training with them, or become entrepreneurs and start their own business (Alfaro et al. 2009; Balsvik 2011 ). Third, entry of foreign firms in an industry can increase competition in the host market and rising competition gives existing firms an incentive to improve their production process. This is often referred to as the "competition effect," which can imply a productivity gain in the host country (Glass and Saggi 2002) . As argued by Aitken and Harrison (1999) and Crespo and Fontoura (2007) , however, negative effects can also arise due to such competition. They describe a "market stealing" effect, when foreign firms exploit their technology advantage and "steal" customers away from existing firms in the host country. With a reduced demand and smaller market share, local firms in the host country can be forced to reduce output. Their productivity could fall when the firms spread fixed costs over a smaller quantity of output. In addition, MNCs often offer a higher wage than local firms, which can raise the wage level in the host country and increase the labor cost for all firms.
Inter-Industry FDI
Some have cast doubt on the degree of intra-industry FDI spillovers given that MNCs may have strong incentives to prevent their advanced knowledge from leaking out to competitors in the host country. In comparison, beneficial impact from inter-industry FDI on local firms' productivity may be more likely to materialize since MNCs can be motivated to provide technologies to their suppliers or customers in the host country. Lall (1980) proposes the concept of vertical linkages, which is later formalized by, among others, Rodríguez-Clare (1996) . In the case of forward linkages, MNCs in upstream industries lead to productivity improvement of firms in downstream industries. This can happen when (more productive) MNCs supply intermediate goods and machinery of a better quality to final goods producers in the host country. It can also happen when MNCs provide technical and organizational assistance to their customers so that their products will be used more effectively. However, Javorcik (2004) argues that negative forward spillovers are possible too. If an upgrade in quality of inputs sold by MNCs is associated with an increase in product prices, firms in industries which multinationals supply might experience some negative effects due to increased cost.
Backward linkages refer to spillovers from MNCs in downstream industries to their suppliers in upstream industries. Multinationals can have higher standards or more strict requirements regarding product quality and delivery. To ensure the quality of inputs they receive, MNCs may be interested in transferring technology and providing technical support to their local suppliers (Blalock and Gertler 2008) . MNCs also have incentives to make the technology widely available in the supply market so that no single supplier can behave like a monopoly and raise the product price. In addition, a rising number of foreign firms in an industry can increase the demand for intermediate products and hence allow firms in upstream industries to boost production and exploit economies of scale.
Estimation Strategy Stochastic Frontier Framework
The stochastic frontier model estimates a firm's production frontier or the "best practice" given a set of production inputs (Aigner et al. 1977) . The deviation of a firm's actual output level from its maximum level of output is defined as the technical inefficiency. The stochastic frontier model can be expressed as:
where i and t are firm and time subscripts, respectively; Y denotes the production of a firm and x is a vector of inputs (in log) such as labor and physical capital. The error term has two components: a random error, v it, and the technical inefficiency term, u it. The random error, v it, has an iid normal distribution of (0, 2 ); the technical inefficiency term, u it, is assumed to have a normal distribution, truncated at zero, with mean μ and variance 2 . Further, the mean of the distribution of technical inefficiency can be represented as a linear function of control variables:
where
is a vector including M determinants of technical inefficiency. Kumbhakar et al. (1991) propose a single-stage maximum likelihood estimation (MLE) procedure to estimate equations (1) and (2) simultaneously, which is later extended and modified by Battese and Coelli (1995) for panel data estimation.
In this context, the point estimate of technical efficiency (TE), or the ratio of a firm's actual output to its corresponding stochastic frontier output is:
The value of TE ranges between zero and one. The larger the TE, the closer a firm operates to its production frontier, with a maximum value of one indicating a firm on its production frontier. (1) and (2), we specify a flexible translog production function:
Data and Empirical Specification
where i, j, and p are firm, industry, and province subscripts, respectively; subscript t implies time. We measure output by a firm's real value-added; K represents physical capital and is measured by net real fixed assets of a firm; L is labor, measured by a firm's total number of employees; and T is a time trend. Industry and provincial dummies are also included in the production function. Our baseline average inefficiency function is represented as:
where Foreign is a dummy variable for foreign ownership defined by at least 10% of foreign capital. Firm's age (Age) and size (Size, measured by the log of a firm's total employment) are also included.
The last three variables in equation (5) 
The upstream FDI for any firm in industry j is measured as a weighted average of foreign share of output in upstream industries that supply industry j (Javorcik 2004):
where α kj is the share of industry k's output supplied to industry j as inputs. Similarly, we measure the downstream FDI for any firm in industry j as a weighted average of foreign share of output in all downstream industries that are supplied by industry j:
where φ jk is the share of industry j's output supplied to industry k as inputs. In short, the variable captures foreign presence in industry j's upstream industries in province p at time t and the variable foreign presence in industry j's downstream industries in province p.
To construct FDI in upstream and downstream industries, we use the 2002 Input-Output (I-O) We report the average foreign share of total output by industry and by province in our sample in Table 2 . In addition, we provide number of observations in each industry (province) and their corresponding shares in total number of observations. Foreign firms play an important role in the manufacturing sector in China, contributing around 21% of the total output in the manufacturing sector. In some cases, foreign production can account for the majority of an industry's output. For example, the share of foreign output is 62.5% in electric equipment and machinery and 54% in cultural, educational and sports goods. In terms of geographical distribution, FDI in China is concentrated in coastal regions and metropolitan cities. Central and Western China receive a considerably smaller amount of FDI. For example, an average of 59.5% of output in the manufacturing sector in Guangdong province is produced by foreign firms while this number drops to a low of 1.8% in Qinghai province. 
Empirical Results

Foreign Ownership and Firm Characteristics
We estimate equations (4) and (5) simultaneously with a single-stage maximum likelihood estimation (MLE) procedure and report results in Table 3 . The first two regressions in Table 3 are baseline regressions without measures of industry FDI. The foreign ownership dummy in regression 3.1 is defined as at least 10% of foreign capital, consistent with the definition used in the U.S. and the IMF. Starting from regression 3.2, foreign ownership is defined as at least 25% of foreign capital, which is the threshold level adopted in China. In regression 3.3, we add horizontal, upstream and downstream FDI in the inefficiency function. In regression 3.4, we include R&D expenditure as a proxy for a firm's absorptive capacity. Regressions 3.5 and 3.6 have lagged variables in the inefficiency function. Table 3 has three panels, with results of the production function in panel (a), results of the mean inefficiency function in panel (b), and hypothesis testing results in panel (c). We start our discussion with panel (c), where likelihood ratio (LR) test statistics for three hypotheses are provided. First, we compare the Cobb-Douglas functional form with the translog functional form. The null hypothesis of the Cobb-Douglas functional form is rejected at the 1% level consistently across all specifications, suggesting the translog functional form is a more appropriate description of the production process. To test the "no-inefficiency" effect, we follow Battese and Coelli (1995) and define γ=σ2u/σ2γ=σu2/σ2, where σ2=σ2u+σ2vσ2=σu2+σv2. The null hypothesis is based on the joint significance of γ = δ 0 = δ 1 = … = 0, where δs are parameters in the inefficiency function. As shown in Table 3 , the null hypothesis of no inefficiency can be rejected at the 1% level in all models. Lastly, we test whether the average inefficiency is a function of Z factors included in equation (5) . The null hypothesis that all slope parameters in the inefficiency function are jointly zero (i.e., H 0 : δ 0 = δ 1 = … = 0) is rejected consistently. This suggests that control variables included in the average technical inefficiency function explain sources of the observed inefficiency.
Looking across columns in panel (b), there are a few notable points. First, the coefficient on foreign ownership (Foreign) in the technical inefficiency function is negative and statistically significant at the 1% level in all regressions. Changing the threshold level of foreign share does not alter this result. Since we are estimating an inefficiency function, a negative coefficient means a particular factor reduces technical inefficiency or raises technical efficiency. The robustly negative coefficient on foreign ownership implies foreign firms are more efficient than domestic firms. In model 3.4, the coefficient on Foreign is -0.46, suggesting that other things constant, foreign firms are 46% more efficient than domestic firms. This result is consistent with previous frontier analyses focusing on ownership and a firm's technical efficiency. For example, Suyanto et al. (2014) also find that foreign affiliates are more efficient than domestic manufacturing firms in Indonesia.
Second, in our sample, firm age (Age) is positively associated with technical inefficiency and firm size (Size) is negatively associated with technical inefficiency. For example, the estimated coefficient on firm age in model 3.3 is 0.014 and significant at the 1% level. This suggests that older firms are less efficient or holding other things constant, a one-year increase in a firm's age is associated with a 1.4% increase in inefficiency or a 1.4% drop in the level of technical efficiency. Our findings on firm age and technical efficiency echo findings in Charoenrat et al. (2013) . Older firms may employ capital of earlier vintage while younger firms are more likely to adopt modern technology and equipment. Consequently older firms tend to be less productive or exhibit lower efficiency than younger firms. The estimated coefficient on firm size (Size) is robustly negative, indicating the larger the firm is, the closer it is to the production frontier. Regression 3.3 suggests that a 1% rise in a firm's total employment is associated with a reduction in its inefficiency by 0.79%.
Horizontal, Downstream, and Upstream FDI and Technical Efficiency
Focusing on industry-level FDI, Table 3 shows that intra-industry FDI (FDI Hori ) has a positive and significant coefficient, indicating that an increase in horizontal FDI may decrease a firm's technical efficiency. Regression 3.3 shows that, ceteris paribus, a 1% increase in FDI in a firm's own industry is associated with a 0.42% decline in the firm's technical efficiency. Conceptually, the net effect of horizontal FDI in an industry could be rather ambiguous. As mentioned previously, positive spillovers from intra-industry FDI may occur through channels such as demonstration or labor turnover. In other words, non-affiliated firms learn from multinationals and imitate their product designs, processes, or organizational innovations. On the other hand, foreign presence may harm domestic firms due to "market-stealing," when foreign entry reduces indigenous firms' market share and forces them to reduce output and incur a higher average production cost. The positive coefficient on the horizontal FDI in our regressions likely shows a dominant market-stealing effect of FDI over the beneficial spillover effect.
Regarding the effect of vertical FDI, the coefficient on FDI Down is negative and significant at the 1% level, suggesting foreign presence in a firm's downstream industries tends to increase its technical efficiency. This might be caused by the higher requirements set by MNCs on the quality and delivery of inputs from local suppliers. In addition, the beneficial impact of foreign presence in a firm's downstream industries on the firm's technical efficiency could result from an increase in the demand for intermediate products, which allows firms in upstream industries to increase production and take advantage of economies of scale. In contrast, an increase in FDI in a firm's upstream industries seems to be negatively associated with the firm's technical efficiency in our sample according to a positive and significant coefficient on the variable FDI Up . A possible explanation for the positive coefficient on upstream FDI might be that for FDI to benefit firms in downstream industries, home and host countries should not be too different in terms of intermediate goods produced. If this is reversed, foreign investments may hurt the host country (Rodríguez-Clare 1996). Another possible explanation is that MNCs in China may produce intermediate products of a better quality compared to domestic firms and sell them at higher prices to end users. As a result, firms in industries that these multinationals supply face a higher production cost while they might not fully utilize the improved inputs in the production process (Javorcik 2004 ).
In model 3.4, we take into consideration a firm's absorptive capacity. Both cross-country research with macro-level data and single-country research using micro-level data have recognized the important role played by absorptive capacity in promoting horizontal spillovers. For example, Blalock and Gertler (2009) note that firms with R&D investments adopt more technology from foreign entrants than other firms. Similar to Blalock and Gertler, we use the log value of a firm's R&D expenditure to measure its absorptive capability, or a firm's ability to apply new knowledge from outside to commercial use. A stand-alone R&D measure and an interaction between R&D and horizontal FDI are included in the regression. If there exists any complementarity between foreign presence within the industry and a firm's absorptive capacity in terms of reducing inefficiency, we should observe a negative and significant coefficient on the interaction term.
The estimated coefficient on R&D in model 3.4 is -1.04 and significant at the 1% level, indicating firms with investments in R&D are more efficient -a 1% increase in a firm's R&D leads to a 1.04% decrease in technical inefficiency or a 1.04% rise in technical efficiency, other things constant. In addition, absorptive capacity does affect the extent of FDI spillovers as shown by a negative and significant coefficient on the interaction between R&D and horizontal FDI. This result suggests that although positive horizontal spillovers may not happen automatically, there indeed exists a complementarity between horizontal FDI and a firm's R&D investments. In general, firms with more R&D investments are more likely to experience a beneficial impact on efficiency improvement from horizontal FDI than firms with a small amount of R&D due to the fact that R&D contributes to a firm's absorptive capacity and makes it easier for a firm to acquire and apply new knowledge or technology.
In models 3.5 and 3.6, we include lagged measures of intra-and inter-industry FDI in the inefficiency function. FDI studies with data at a more aggregated level often regard foreign investments to be endogenous. For example, growth studies show that FDI may promote host countries' economic growth, but at the same time host countries experiencing faster economic growth are also more attractive to foreign investors. Such an endogeneity may not be as much a concern to firm-level research. In our study, it is unlikely that an individual firm's efficiency (or other firm-level characteristics) will have any notable impact on FDI received in its own industry and its upstream and downstream industries. In other words, to an individual firm, foreign entries at the industry level are largely exogenous. With that said, we include lagged industry level FDI and lagged R&D measures in models 3.5 and 3.6 to keep the possible endogeneity problem to a minimum. Results in models 3.5 and 3.6 are essentially unchanged from those in models 3.3 and 3.4.
Robustness Checks
In this section, we perform a number of robustness checks. One could question whether efficient domestic firms are more likely to be chosen by foreign investors and become foreign affiliates. If so, our results could suffer from simultaneity bias given the foreign ownership variable included in the regression. To ensure that results in Table 3 are not driven by the inclusion of foreign firms in the sample, we estimate in regression 4.1 the model with domestic firms only. In regression 4.2 we distinguish the sources of foreign investment. MNCs with parents in Hong Kong, Macao, and Taiwan are labeled as "HMT" and those from other countries belong to the group of "Other Foreign" (or "OF"). This is to allow for potential different impacts of FDI from source economies that have a stronger historical or cultural tie with mainland China. We also run separate regressions for exporters and non-exporters in regressions 4.3 and 4.4, respectively.
In general, our findings discussed previously are robust to different specifications and the results in Table 4 and do not change substantially compared to results in Table 3 . For instance, regression 4.1 yields similar estimates as those based on the full sample in terms of signs of coefficients and their level of significance. This suggests that the simultaneity bias caused by "cherry picking," if it exists, does not seem to exert a discernible impact on our findings. As mentioned previously, the 2005 World Bank survey provides us with data that are more relevant to our study given its broad coverage and time variations. But one potential concern is that the 2005 survey data might not be recent enough to reflect current market situations and firm behavior. As a result, we estimate the frontier model with a more recent 2012 World Bank Enterprise Survey on Chinese manufacturing firms to see whether our general results hold with newer data. Ideally, we would compare the results based on these two different datasets and address the dynamics of technical efficiency of domestic and foreign firms. We report the results based on data from the 2012 World Bank Enterprise Survey in Appendix Table 6 . These results are qualitatively similar to results in Table 3 in terms of horizontal and vertical spillovers of FDI. Also, foreign ownership has a negative and significant coefficient, which again indicates that foreign firms are more efficient than domestic firms.
As two different samples are used, the estimates of technical efficiencies in the frontier model may not necessarily be directly comparable. But we are able to explore the efficiency gap or the percentage difference in technical efficiency between foreign and domestic firms in the 2005 sample and that in the 2012 sample and report the results in Appendix Table 7 . The Appendix Table 7 results suggest that although foreign firms are consistently more efficient than domestic firms in China, the gap between the efficiency of foreign firms and domestic firms is shrinking over time. In other words, the average technical efficiency level of domestic firms in China has been converging to that of foreign firms. Results based on the 2005 data show that, on average, foreign firms are 33% more efficient than domestic firms and results based on the 2012 data set show that foreign firms are 25.9% more efficient than domestic firms in China. 3 We also report the difference in efficiency gap between foreign and domestic firms at the industry-province level over time in the Appendix Table 8 In addition, the first antimonopoly law in China also came into effect in 2008 to promote fair competition in the market. These reforms can have considerable benefits in reducing business costs and lowering burdens of compliance, which in turn help to improve domestic firms' efficiency and lead to convergence.
The third possible reason for the shrinking gap in efficiency levels between domestic and foreign firms is FDI externalities (shown in our main results). Those FDI spillover mechanisms discussed previously, such as demonstration, training of employees and encouraging market competition, all take time to develop as learning requires time to occur. For example, Zhang et al. (2014) argue that the entry tenure of foreign firms in an industry determines how much time domestic firms have to "identify, imitate, and assimilate technologies and management practices used by the foreign firms" (p.700). The entry tenure of foreign firms also determines how much time domestic firms have to find the best combination of these knowledge components. In addition, the authors point out that building local business linkages is time consuming for MNCs as well (Zhang et al. 2014) . That is why foreign affiliates typically use parent firms' existing suppliers and start developing new local business linkages as entry tenure increases. In short, domestic firms tend to have increased opportunities over time to learn from foreign firms and gradually realize learning gains, resulting in the convergence in efficiency shown in Appendix Table 7 .
Technical Efficiency and Malmquist Productivity Growth
In this section, we calculate the generalized output-oriented Malmquist index (MI) to identify different sources of productivity growth (Malmquist 1953) . If the assumption of constant returns to scale is relaxed, a generalized MI decomposes productivity growth into technical progress (TP), pure technical efficiency change (TEC), and scale efficiency change (SEC). 4 The SEC represents the adjustment of the scale of operations to achieve the technologically optimum scale of operations.
Average growth indices of TEC, TP, SEC and the MI for each industry are reported in Table 5 . All industries in our sample exhibit productivity growth, shown by a positive change in the MI. We also note that the majority contributions to productivity growth come from TP and TEC. The contribution from SEC is much smaller, not surprising given our short time span. Across all firms in our sample, total factor productivity grows at an average rate of 9.8% each year, among which efficiency improves by 3.6% and TP is 6.4%, while there is no discernible change in scale efficiency. With regard to individual industries, smelting and pressing of ferrous metals realizes the highest productivity growth of 13.8%, owing to a 7.8% growth in efficiency, a 6.3 % increase in TP, and a 0.2% increase in SEC. On the other hand, printing and record medium reproduction experiences the lowest productivity growth rate of 3.4% among all industries in our sample. Although firms in printing and record medium reproduction achieve an annual average of 7% in TP, the average efficiency of firms in this industry actually decreases by 3.5%. We then conduct the generalized MI decomposition for foreign and domestic firms. The average productivity growth rate of foreign firms (10.4%) is marginally higher than that of domestic firms (9.7%). Again, efficiency improvement and TP account for the lion's share of productivity change. In terms of TP, both domestic and foreign firms obtain an average annual rate of 6.4%. The efficiency improvement rate is 4.1% for foreign firms while 3.5% for domestic firms.
The difference in efficiency improvement rate between domestic and foreign firms seem to be driven by a few industries in which domestic firms often experience a decrease in technical efficiency or show a much lower efficiency improvement rate than foreign firms. For example, in painting and record medium reproduction, domestic firms have a 4.6% decline in efficiency. In ordinary machinery and special purpose equipment, foreign firms' efficiency improves about twice as fast as domestic firms. But in about half of the industries included, domestic firms either show an improvement in efficiency comparable to foreign firms or achieve a faster improvement than foreign firms. These results provide some evidence of convergence in technical efficiency between domestic and foreign firms in China.
Conclusions
With data from more than 12,000 manufacturing firms in 30 two-digit industries in China, we find that intra-industry FDI is negatively associated with a firm's technical efficiency. But there exists a complementarity between horizontal FDI and individual firm's R&D. Our results also show that FDI in a firm's downstream industries increases the firm's technical efficiency while FDI in a firm's upstream industries decreases the firm's efficiency. A generalized Malmquist index decomposition also shows foreign firms on average achieve a higher productivity growth than domestic firms in China and the difference is mainly due to a faster technical efficiency improvement by foreign firms.
Our findings have important implications for policy makers. Positive effects of FDI on efficiency are clearly not automatic. As a result, simply attracting more FDI may not necessarily lead to a general productivity gain in the host economy. More importantly, since the effects of FDI can be different across industries, we do not recommend a "one-size-fits-all" investment promotion policy. Host governments should evaluate potential costs and benefits when inviting foreign investments and engage in "policy specialization" to improve their foreign spillovers conditions. It is also crucial to implement policies for strengthening the absorptive capacity of domestic firms. This can be done either through direct subsidies to firms that conduct R&D or through economy-wide policies promoting human capital formation. There is also a need for general policies to build modern infrastructure and increase the quality of institutions. In addition, policies that help domestic firms to upgrade their products may be warranted so that domestic firms are more likely to purchase intermediate inputs produced by foreign firms in upstream industries.
As in other studies, the present paper has its limitations. Because of data availability issues, we are unable to fully explore the dynamics of technical efficiency of domestic and foreign firms over time. A potential topic for future research that emerges from this study is to examine technical efficiency improvements, technical progress as well as changes in scale efficiencies if a sample covering a common set of industries over a longer time period is available (e.g. 2005-2012). Another interesting direction for future research could be to further study heterogeneity in firm efficiency across different industries. For example, our main results in Table 5 show substantial industry heterogeneity in terms of productivity growth and similarly, certain industry-level heterogeneity is noted in results in Appendix Table 7 with more recent data. In Appendix Table 7 , seven of the 14 industries (based on the 2012 survey classification) in our sample exhibit significant decline in the efficiency gap between domestic and foreign firms. The seven industries are food, wood, paper, plastic and rubber, fabricated metal products, basic metals, and electronics. In five of the 14 industries, the efficiency gap between domestic and foreign firms seems to grow over time, which include textiles, garments, chemicals, non-metallic mineral products, and precision instruments. The other two industries, machinery and equipment and transport machines, do not exhibit a significant change in the efficiency gap. Findings of future research on the variations in the results across different industries can have significant policy implications as they provide better insights on industry-specific behaviors. 
